INVESTIGATION OF BEACH SAND 
STABILIZATION BY THERMITIC MEANS AND 
THE DESIGN OF POSSIBLE METHODS OF 
APPLICATION IN THE FIELD 



CHARLES B: coyer AND LARRY C. McGUIRE 



Libiary 

U. S. Naval Postgraduate School 
AnnapoUs, Md. 









( 



m 






HmSTIGATIOlI 



OF 

BIJ'iCH SAND STABILIZATION BY TIIERiaTIC ?!EA?TS 

AND THE 

DESIGN OF POSSIBLE. MLTflODS OF APPLIC/-TION IN THi: FIELD 



Ciiarleo B. Coyer 

Ij-outenant, Junior grade, CEO, UEN 



and 



Larry C« KcGuiro 
Encign, CEO, USN 



Presented aa partial fulfillment of the 
requirements for the degree of 
Master of Civil Engineering 
Rensselaer Polytechnic Institute 
Troy, New York 



June 1949 



TABLE OF C^NT-HTS 

Acknowledgeraont 1 

Letter of Transnlttal 3 

Introduction *.•••••••• 5 

Itieory 7 

Previous Investigations 10 

Report 12 

Apparatus 13 

Procedure 14 

Method 1 15 

Experiment 1 •••.« 16 

Experiment 2 17 

Experiment 3.,«*. 18 

Experiment 4 19 

Experiment 5 20 

Experiment 6..,.,, 21 

Traffic T’ests .••••••••••• 22 

Method 2 

Experiment 1 23 

Experiment 2 24 

Traffic Tests , . 25 

Conclusions 27 

Design of Methods of Application ••••••• 30 




I • - - , ^ I i 




I • 

I - 

It 

L . . . 




HIOTOGRAHIS 



Method 1 

E^porimont *10 a 

Bxporimont 2. ••••«•••••. .I? a 

Method 2 

Experiment 25 a 

Experiment 1,,» .23 b 

Experiment 5. ,25 a 



ACKI^OWLF.DOEI.5ENT 



Tho authors wish to thank Professor E. J. 
KllcavJloy and Professors E* P. Nippes and D. T. 
Smith for thsir guidance while this work v/as 
being done. It is also desired to express ap- 
preciation for the assistance of Mr, William 
Gamble and !^r, J, R, Louthan in obtaining equip- 
ment and supplies to continue the work. 



Renoselaerwyclc Housing Developnent 
Troy, New York 
June 1949 



Faculty of Itie 
Civil Engineering Departeient 
Rensselaer Polytechnic Institute 
Troy, New York 

Gentlemen: 

As partial fulfillment of the requirements for the 
degree of Master of Civil Engineering, we have the honor 
of submitting this thesis for yoxxr approval. It is 
hoped that the results of this investigation end the 
design of the methods for use under combat conditions 
can be used to advantage by the armed forces if such 
use becomes necessaiT-. 

We should like to express our appreciation for the 
knowledge and guidance offered us by all members of the 
Faculty during o\ir two year*s of stxjdy here at Renssel- 
aer Polytechnic Institute. 



Sincerely yours. 



Charles E. Coyer 
Lieut. (jg)CEC, USN 



Larry C. XcGuire 
Ensign, CEC, USN 








# 



S"-" 



w 





jISk« 




ITITRODUCTION 



!Kiis Investigation is primarily concernod v/ith 
the stabilization of sands for military purposes. 
Actual tests v/ere made v;ith amphibious operations 
in mind, and, for this reason, beach sands were used 
in the experimentation. 

During wartime landing operations, many rubber- 
tired vehicles must be run ashore from amphibious 
craft. Sand, in itself, v/111 not support those ve- 
hicles iinless it happens to contain a certain 
critical amount of moisture. Ihis condition will 
normally prevail on little, if any, of the shore 
area. In order that the vehicles be able to move 
at all under their o\/n power, the sand must be made 
to afford some support in addition to that supplied 
in its natural state. The following investigation 
presents one method of accomplishing this aim. 

Inasmuch as this type of work will normally 
be applied only to wartime use, certain factors are 
taken into acco^lnt: 

First, it is recognized that this process may 
frequently have to be carried out under combat 
conditions and under enemy fire. For this reason, 
considerable attention has been given to devising 
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methods and designing oquipnont for simplicity and 
speed. 

Second, the roads provided will probably be 
needed for only a comparatively short period of 
time. Therefore, the permanence of the finished 
product nood not bo a prime consideration. 

Ihird, it is realised that this process is a 
wartime expedient and will not have extensive ap- 
plication to peacetime use. In its present fora, 
it will not bo economically feasible for commer- 
cial application because of the prohibitive cost 
of material and labor. 
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THEORY 



This sot of experiments makes use of a high 
tomporature reaction to produce the desired effect. 
Kio heat evolved is made use of in two separate and 
distinct methods, to be explained shortly. The 
heat is produced by the fusion of thermit. 

Thermit is a mixture of iron oxide scale and 
finely-ground aluminum. V<’hen ignited, these react 
to form iron and aluminxim oxide, v/ith large amounts 
of heat being evolved. The temperature of the re- 
action is over 5000 degrees Fahrenheit. 

PfcTHOD I 

In the first method, this heat is used to 
bring about the formation of a glass-like slab, 
consisting mainly of silicates. The sand, v.'hlch 
consists mainly of silica (quarts) must bo mixed 
with a basic oxide which can furnish an element 
that will form a silicate of low-melting tempera- 
ture. Two applicable elements are sodl;m end cal- 
cium. The sodium can be applied as soda ash 
(sodium carbonate) or as borax, and the calcium as 
lime (calcium oxide) or rs pow. cred llmeeton© 
(calcium carbonate). A combination of both elcrients 
is used to take advantage of the lov;er fusion tonp- 
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eroU?T*o of th© jfio(5!wi rlllcctsj, end, eccordln^ to ® 
aourco in th© United rtetes Kevy, the of 

iurde end DocJze, fcho grocter tou/jhnecs leipt-rtod by 
tho csIoluiR fillicete» (2ho United Stetee Fureau of 
fiillnee hea no Infor^it tlon to corrobortto th® letter 
eteto=»nt« } 

Hio ©end Is mixed elth the proper cno’ont of 
fluxing? u-joata end o layer of thermit is placed 
botweon two ley ore of th® mixture* the hoet ^>en- 
orotod by tho fueloa of Ui^ tlsorait brings t»bout 
tJio formotloa of e tioltea sleg layer adjacent to 
the bumlrxs ttierailt* 

T^.ls slag, which i© essentially glcso, is 
formed to a distcnco of approx iaiately one inch ofl 
oacli side of tho melt formed by the thermit itself*, 
Upon cooling, a slab of from C to 4 incheo total 
thlchnoae results* Tula slab J^es ilttl® siochcnical 
atroogth, as la apparent fraa its cc^aposltlon. 
Kcft^over, »hon fully supported by tl*o eard below It 
end covered by c deptii of about * Inches of excess 
ra-d mixture bo distribute tlas load to th© elsb, 
it con s'upport consldorsble 'Thus, c very 

sctloffectory rofed?^ay can be ps'Oduc#d for ti;© ua© 
of rubb®r-tii?od voiIgIob* 
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MLTilOD II 

In the second method, the heat of tho thermit 
reaction is used to accelerate tho setting of 
v;ater glass (sodium silicate) to form s. hard, glas- 
sy hinder for the sand* 

Tiie water glass is applied to the sand above 
and belov/ the thermit layer. The thermit is ignited 
and the heat generated quickly drives off the water 
of hydration from the water glass, Tiis loaves tho 
sodium silicate as a hard Material binding the 
grains of sand together on each side of the slab 
formed by the fusion of tho thermit itself. The 
grains of sand themselves do not enter into any 
reaction and arc not changed except for some melt- 
ing in the immediate vicinity of the burning thermit 
layer, 

Tliis method produces a hard slab which, again, 
has little meehanlc&l strength, but which tinder the 
aforementioned conditions of support and overlayment 
can uphold consider able load. 
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PREVIOUS INVESTIGATIONS 

The only previous work of this kind was dona 
by the U.S. Navy at the Advance Base Proving Ground 
under the supervision of Mr. G. E. Sanford, con- 
nected with the U.S. Naval Construction Battalion 
Center, Port Hueneme, California. The procedure 
and results of this investigation were included in 
the Report on Beach Stabilisation Tests of 14 
April 1948, by Mr. Sanford. 

In this previous test, an area 10 feet wide 
and 50 feet long was prepared to receive 4 layers 
of material. The first layer consisted of thermit 
applied evenly to a depth of about three-quarters 
of an inch. The second layer was composed of a 
mixture of sand, soda ash and hydrated lime, ap- 
proximately 7 inches deep. Kie third layer was 
another three-quarter inch layer of thermit, and 
the fourth layer v/as another 7 inch layer of mix- 
ture of soda ash, lime, and sand. 

The plot v;as ignited from one end, both lay- 
ers of thermit being lit off simultaneously. 

After cooling, the area was tested under 
varying vehicular loads, the heaviest of which was 
a 2-^- ton truck loaded with 11,000 pounds. Ruts 
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about 4 inches deep were formed. However, after 
throe or four passes of the truck, the ruts became 
firm and did not deepen with continued traffic. 
This operation was repeated several times on dif- 
ferent areas of the slab, and each time the excess 
soda ash, lime, and sand mixture filled in the rut 
and the area became as firm as the rest of the 
plot. 

The over-all results v/ere satisfactory and 
the recommendation was made that further investi- 
gation of the method be made In an effort to re- 
duce the quantity of material used and to devise 
a method of application which would reduce the 
time and labor required. 

During the following investigation, the 
water glass method was devised and tested. As far 
as the Investigators can determine, water glass 
has never before been used with thermit to stabi- 
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APPARATUS AND tlATlRIALS USED 



Thermit packed in nine-po\ind bags 

2. Thermit ignition pov/der 

3. Soda ash in 100-pound bags 

4. Hydrated lime in 50-po\ind bags 

5. Shovels 

6. Picks 

7. Spring balance 

8. Safety no-glare glasses 
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Wooden matches 
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PROCEDURE 

For the piirpose of the experiments, a pit 
3 feet deep and 3 feet square was d\ag. This pit 
was filled slightly more than half full of beech 
sand; beach sand being used to duplicate the 
type encountered in amphibious landings. On top 
of this were pieced the 3 layers of material 
used for the various experiments, thermit being 
the middle layer. 

The mixing of the chemicals used in the 
first method was affected by the use of a one- 
bag concrete mixer, the chemicals having been 
carefully weighed out before being shoveled Into 
the mixer. Mixing time varied with the amount 
of chemicals being mixed; enough time was taken, 
however, to insure a fairly uniform mixttire of 
the chemicals and the sand. 

The layers of chemicals were placed with 
shovels, care being taken to make the surface 
of the bottom layer as level as possible before 
placing the thermit over it. 

The thermit was ignited by placing a paper 
cone down to the level of the thermit layer and 
putting a small quantity of thermit inside. 
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About one teaspoon of ignition po».dor v;as placed 
on top of the thermit inside the cone end ignited 
with the flame of a i?ooden match head. Paper 
matches were found tmsetlsf ectory for this p\ir- 
pose because of the lower temperature of ignition 
of the heeds and the paper of the match, A 
burning thermit puddle must be formed over the 
thermit layer or combustion will not begin prop- 
erly. 

The load tests were carried out by driving 
the left front wheel of a 2-J-ton truck repeatedly 
over the teat plot, noting the result after each 
pass of the wheel. 

At the conclusion of each test, the usod 
materials were removed from the test pit and the 
next test started. 



I4ETH0D ONE 



Two distinct methods of testing were used. 
In the first, seven tests were r\m with varying 
proportions of send, lime end soda ash under 
differing conditions. 

TEST I 

Three layers of materials were used for 
the test. 

1. Mixture of 36 pounds of send, 7-3/4 
po’onds soda ash, 1-1/3 poxxnds lime. Depth 
about 7 inches. 

2. Three and one-half pounds of thermit 
per square foot, making a depth of 1/3 inch, 

3. Mixture of sand, soda ash and lime as 
in layer 1. 

The thermit was ignited and btirning was 
about 80^ effective. The combustion was vigo- 
rous but slow. 

The slab was allowed to cool for one hour 
end then tuicovered. 

Results were good, resulting in a slab ap- 
proximately 2-| inches in thickness which seemed 
to be very hard and tough. 
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TEST 2 

Three layers of material were used for tho 

test. 

1. Mixture of 36 pounds of send, 18 povinds 
of soda ash, 6 poimds of lime. Depth about 7 
inches. 

2. Pour pounds of thermit per square foot. 

3. Mixture of sand, soda ash, and lime as 
in layer 1. 

Tho thermit was ignited; combustion was 
complete and lOOJ^ effective. 

Tho slab vi/ao allowed to cool for one hour 
and then uncovered. 

Desuits were excellent. Tho slab varied 
from 2 to 4 inches in thiclmess end was very herd 
end tough. 
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TEST 5 

Three layers of material were used for this 

test. 



1, A thoroughly~wetted mixture of sand, 
soda ash and lime in the same proportions as 
Test 2. 

2, Thermit — 4 pounds per square foot* 

3, Kixttire of sand, soda ash and lime in 

the same proportions as layer' 1, v/ettod thoroughly. 

The thermit v;as ignited and hurning was 
about 40^ effective. The combustion was very 
erratic. 

Results v/ere poor, the slab being less than 
an inch thick and very brittle. 
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TEST 4 

In this test, a concentration of 4 potinds of 
thermit per square foot was burned between layers 
of beach sand which were not wetted and to which 
no chemicals wore added. 

Combustion v/as about 90^ effective. 

Results T/ero poor, the effect of the burn- 
ing thermit upon the plain sand being negligible. 
The resulting slab was made up of the thermit 
metal only and had no appreciable thickness nor 
strength. 
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TE ST 5 

Four layers of material were used for this 

test. 



1. Soda ash laid directly on the send to a 
depth of 1/2 inch. 

2. Four pounds of thermit per square foot. 

S. Soda ash laid over the thermit to a 

depth of 1/2 inch. 

4. About 4 inches of plain sand wore then 
laid over the whole test plot. 

The thermit was ignited and burning v/as 100^ 
effective. The combustion was violent, accom- 
panied by blasts of burning gas issuing from 
cracks which developed in the surface of the test 
plot. 

The slab was allov;ed to cool for one hour. 

Results v/ere poor. The slab was only about 
1 inch in thickness, very brittle and full of blow 
holes. 
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TEST 6 . 

Three layers of material were used for the 

test. 



1. Lime laid directly on the sand to a 
depth of about 1/3 Inch. 

2. Four pounds of thermit per square foot. 

3. Lime laid directly on the thermit to a 
depth of about 1/8 Inch. 

The thermit was Ignited and burning was 60^ 
complete. Combustion was slow. 

The slab was allowed to cool for one hour 
and then uncovered. 

Results were poor. The slab was only about 
1 inch In thickness, made up primarily of thermit 
slag with very little fusion of sand grains, and 
was brittle. 
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TLST 7 - LOAD TEST 

Th.6 slab obtained from Test 2, having been 
the best of the six tests. Test 2 was repeated 
and the slab subjected to a load test as follows: 

A 2-^- ton truck was used for the testing. 

The front wheel of the truck was driven onto the 
test plot. The v/heel dropped approximately 4 
Inches into the pit to make contact with the test 
sxirface. A rut approximately 3 inches deep was 
made, which became firm after repeated passes of 
the wheel. 

The slab was then uncovered and investiga- 
tion revealed that the slab had cracked, imder 
impact of the dropping wheel, into pieces vary- 
ing from 3 to 6 inches across. However, the 
cracking did not seem to affect the load-carry- 
ing capacity of the slab greatly, inasmuch as 
the loads were still carried with little or no 
vertical displacement of the slab. 
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IgTHOD t; 0 

Hiernlt end water glass were the only na- 
terielo used in the second set of tests. 

TLST 1 . 

One-half quart of water glass per square foot 
was poured directly on plain sand end allowed to 
soak in for 10 minutes. 

Poxar pounds of thermit per square foot were 
spread on this wetted surface. 

About 1 inch of di?y sand was placed over 
the thermit end soaked with the same amount of 
water glass as before. Over this was placed e- 
bout 4 Inches of dry sand. 

Upon being ignited, the thermit burned com- 
pletely and evenly, accompanied by the evolution 
of a large amount of gas. Results were excellent. 
The slab formed was of a uniform thickness of 
approximately 5 inches. It consisted of 2 layers 
of sand bound together by the sodium silicate, 
with a small layer of thermit slag in the center. 
The thermit slag Itself contained large blow holes. 
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TEST 2 

For this test, one quart of water glass was 
mixed with 10 potmds of sand end then spread In 
a 2- Inch layer* 

Thermit was placed over this in the amount 
of 4 pounds per sqixare foot, end about 4 Inches 
of dry sand were spread over the thermit* 

Combustion was complete, with not quite as 
much gas evolved as in Tost 1* Results were good. 
Tne slab was about 1-1/2 inches thick, but not 
very uniform* There was less formation of blow 
holes in tho thermit slag* 

It is evident from this test that there is 
no advantage to mixing the water glass v;lth the 
sand before spreading* In fact, surface appli- 
cation, as in Test 1, seems to give better 
results* 
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TTFT 3 - LO/iD TEST 

Teat 1 waa repeated and the resulting slob 
tested as follovjs: 

A 2-j;j-ton truck was used. The front v;heel of 
the truck was driven onto the test plot, the wheel 
dropping about 3 inches in making contact. A rut 
approximately 3 Inches in depth was formed. Re- 
peated runs back and forth over the plot only 
further compacted the sand over the slab. The 
rut did not deepen appreciably. 

Investigation revealed that the slab hod 
cracked imder the impact of the wheel into 3 to 
6- inch pieces. However, the load-carrying cap- 
acity did not seem to be affected. 

There was no noticeable difference betv;een 
the behavior of this slab and the previously- 
tested soda ash-lime slab. 
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CONCLUSIOHS 

On the basis of those investigations, the 
sodium silicate method appears to have several 
advantages over the lime and soda ash method. 

The main difference is in the time of prepara- 
tion of the site for the ignition of the thermit. 
The water glass needs only to bo poured onto a 
fairly level surface from containers, while the 
soda ash and lime have to be put in a mixer, 
along with large quantities of sand, then re- 
moved and spread on the site. The application 
of water glass obviously is much to bo prefer- 
red where an enemy is present to hamper opera- 
tions. 

Soda ash and lime present the additional 
disadvantage of being caustic materials which 
can cause considerable discomfort to workers 
whose eyes and noses are not properly protected. 
In addition, the chemicals must be protected 
from moisture during transportation to the site. 

Tile cost of materials, as purchased from 
business establishments, is about equal for the 
tv7o procosces. However, the cost of the soda 
aeh-llmo raothcxl can be reduced slightly. It is 
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felt that a 3 inch layer of laixture on each side 
of the thormit is tho mexinmm necessary, since in 
none of the tests did tho effect of the heat from 
the thermit reaction extend more than 2 inches 
from the thermit layer. It does not appear de- 
sirable, however, to sacrifice any slab strength 
by cutting down the percentage of chemicals used 
in the mixtvire, since the cost of the chemicals 
constitutes only about one- sixth of tho total 
cost of tho process. It appears that the propor- 
tions used in Tost 2 are close to the rainlraum 
for the formation of a slab of maximum thickness. 
On the basis of the strength of the slabs, 
there appears to be little difference in tho 
two methods. In testing, both of the slabs 
cracked under the impact of the wheel as it 
dropped dov/n onto tho test plot. However, the 
vehicles remained supported because the broken 
slab still presented a solid, if not rigid, sur- 
face beneath the excess sand over tho slab. 
Neither slab has great mechanical strength in 
itsolf , and both will probably break under heavy 
loads; yot this cracking is not considered of 
prime importance since the broken slabs vill 
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still prosent a solid base for tho vehicles to 
travel upon. No dependable method of measuring 
actual comparative strength was available, nor 
deemed necessary. 

The one advantage possessed by the soda ash- 
lime method is that the mixture of these chemicals 
fills the voids in tho sand mass and forms a soil 
aggregate which will compact to a fairly dense 
material, particularly in the presence of water. 
However, this seme result can bo achieved v/ith 
easier- to-handle, non-caustic chemicals, such as 
calcium chloride. 

In the application of either method, dry sand 
is desirable, but not absolutely necessary, Ihie 
evaporation of the water contained in the wet sand 
uses up a large amoimt of the available heat, and 
usually results in a very thin, porous slab. If 
such moisture is present, it is recommended that 
the amount of thermit be Increased to 5 or 6 pounds 
per square foot. 

For normal procedure, 4 pounds per square 
foot of thermit was found to be the minimum prac- 
tical, Lesser amounts do not bxirn satisfactorily 
or completely and do not form a thick enough 
slab. 
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rxaiGN OF METHOD OP APPLICATIOM FOR V.'ARTIME USE 
METHOD 1 

•Hie choraicals and sand cannot be pre-mixed be- 
fore transportation to the site. Thun, a large 
mixer must be one of the first pieces of equipment 
ashore. After mixing, e spreader of the general 
typo used to spread fertilizers on farmland con bo 
used to spread the first layer of the chemical 
mixture. 

On this layer of chemicals, the thermit must 
bo placed. Since placement by hand is a time- 
consviming and exacting process, it is recommended 
that the required thickness of thermit be placed 
beforehand betv;een two sheets of tough paper or 
cloth and quilted to prevent a shift of the ther- 
mit between the sheets. Such a shifting might 
make the thermit too thick or too thin in places 
as it is transported. This quilt of thermit is 
placed on top of the layer of chemical mixture 
as soon as the latter is placed by the spreader. 

One method of preparing the thermit layer 
beforehand was devised and tested. The thermit 
was mixed with enough v;ater glass to dampen it 
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thoroughly end then spread betveon two sheets of 
heavy paper, using 4 pounds of thermit per square 
foot. Ihls was allov/od to stand for about one 
month, during which time the water glass dried 
enough to bind the thermit into a hard slab. 

When ignited, the thermit burned completely and 
very evenly. The uniform thickness of thermit 
causes a controlled rate of combustion not at- 
tained by uneven applicetion. The only drawback 
to this method is that the thermit would prob- 
ably have to be formed and left in flat sheets. 
Those might or might not prove to be too diffi- 
cult to handle, although the investigators see 
no necessity for using sheets of too great a 
size. 

After the thermit, the final layer of chem- 
ical mijcture must bo applied with shovels, this 
final operation being the longest end consti- 
tuting the great disadvantage of the method as 
compared to the water glass method. The top 
layer need not be smoothed, however, nor need 
it bo very uniform as long as its thickness 
exceeds 4 inches. 

Truncated cardboard cones, 4 inches tall 
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with bottom diameters of 1 inch and top diameters 
of 2 Inches filled with thermit and seeled with 
paper at both ends should be prepared beforehand 
for use in the ignition of the thermit. To ig- 
nite, the cone need only be pressed down through 
the sand- chemical mixture to the thermit layer, 
the top paper broken and ignition powder placed 
on the igniting thermit charge therein. An ord- 
inary wooden match vill serve to touch off the 
ignition powder and start the reaction. 

As soon as the plot has cooled (one hoxir 
minimum), it may be used for traffic. As long 
as vehicles ere not stopped on the plot, the 
tires would not be eilected by the heat after 
this period. 
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T.-on 2 

rince the siirfuc© of the sand is uzed directly 
in tho v<atGr-gle CG method, and no chemical layer 
need be applied, little if any smoothing of the 
beach la required. 

Therefore, a spray tank can be tlie first piece 
of equipment off a landing craft. The tank can 
apray the vater glass over the surface of the sand 
and the placing of the thermit quilt, constructed 
ec in Method 1, can begin immediately. 

Over the thermit quilt, plain sand from areas 
adjacent to the proposed roadv;ay can be shoveled 
v;lth the help of bulldozer c. 

The area is then sprayed again from a tank 
pulled alongside the plot, equipped with nozzles 
on pipe extensions which reach over the roadway 
area. Ihese extensions might be incorporated in 
the same tank which performed the first spraying. 

When the spraying has been completed, 2 or 3 
inches of dry sand should be applied end ignition 
of the thez’.r.it effected as described in Method 1 
using the prefabricated paper cones filled with 
thermit. 

After a similar period of time for cooling, 
tho slab is ready for use in landing operations. 
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